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ABSTRACT

Environmental injustice is the inequitable and dispro-
portionately heavy exposure of poor, minority, and
disenfranchised populations to toxic chemicals and
other environmental hazards. Environmental injustice
contributes to disparities in health status across popu-
lations of differing ethnicity, race, and socioeconomic
status. Infants and children, because of their unique
biological vulnerabilities and age-related patterns of
exposure, are especially vulnerable to the health
impacts of environmental injustice. These impacts
are illustrated by sharp disparities across children
of different racial and ethnic backgrounds in the
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prevalence of 3 common diseases caused in part
by environmental factors: asthma, lead poisoning,
and obesity. Documentation of linkages between
health disparities and environmental injustice is
an important step toward achieving environmental
justice. Mt Sinai J Med 77:178—187, 2010. © 2010
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Environmental injustice is the inequitable and dis-
proportionately heavy exposure of poor, minority,
and disenfranchised populations to toxic chemi-
cals, contaminated air and water, unsafe workplaces,
and other environmental hazards.!=3 The concept of

Environmental injustice is the
inequitable and disproportionately
heavy exposure of poor, minority,
and disenfranchised populations
to toxic chemicals, contaminated
air and water, unsage workplaces,
and other environmental hazards.

environmental injustice was first developed in the
1980s in studies of hazardous waste sites in the South-
eastern United States.! These studies found that waste
sites in the Southeast are located disproportionately in
poor counties inhabited largely by African Americans,
Native Americans, and other marginalized popula-
tions. A similar distribution of hazardous waste sites
was subsequently documented in New England.* The
concept of environmental injustice has been further
elaborated in studies examining ethnic disparities in
exposures to automotive exhaust and ambient air
pollution®~7; in studies in New York City document-
ing that virtually all diesel bus depots, places at
which buses may idle for hours while emitting pollu-
tants, are located in minority, mostly disadvantaged
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neighborhoods®; in studies examining disparities in
housing quality?; and in studies of residential prox-
imity to polluting industrial facilities.'® Environmental
injustice has been well documented in occupational
settings.!! It has served as an operational concept to
guide pollution prevention programs.!?13
Environmental injustice is highly correlated
with other factors that link poverty to poor
health, including inadequate access to medical
and preventive care, lack of safe play spaces for
children, lack of access to healthful foods, absence
of good jobs, crime, and violence.? Environmental
injustice contributes to disparities in health status
across populations of different ethnic, racial, and
socioeconomic backgrounds, such as differences
in the incidence and prevalence of asthma,>~’
obesity,!*15 diabetes,'® lung cancer,’ and a range
of mental health and developmental problems.!’~1?
Children are especially vulnerable to the health
impacts of environmental injustice. Children’s unique,
age-related patterns of exposure and their develop-
mentally defined windows of susceptibility?® magnify
the impacts of environmental injustice. Through case

Children are especially vulnerable
to the bhealth impacts of
environmental injustice.
Children’s unique, age-related
patterns of exposure and their
developmentally defined windows
of susceptibility magnify the
impacts of environmental
injustice.

studies of 3 diseases caused entirely or in part by
environmental exposures—asthma, lead poisoning,
and obesity—this report examines the consequences
of toxic environmental exposures and environmental
injustice for the health of children.

ENVIRONMENT AND HUMAN HEALTH

Hazardous exposures in the environment are potent
causes of disease, disability, and death in persons of
all ages and especially in infants and children.

The power of the environment to influence
patterns of disease and death is illustrated by the
extraordinary changes in morbidity and mortality that
have occurred over the past century in industrially
developed countries, changes unprecedented in
human history. Life expectancy at birth has increased
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more than 50%.%! Infant mortality has declined more
than 90%. The ancient infectious diseases—smallpox,
cholera, yellow fever, polio, measles, and bubonic
plague—are no longer the dominant causes of disease
and death.?

These changes occurred in parallel with large-
scale environmental changes—the delivery of safe
drinking water; the provision of sufficient, whole-
some food; the removal of sewage; the control of
insect vectors; and the construction of decent hous-
ing—and were largely driven by these changes. It is
noteworthy that the decline in mortality that marked
the start of the epidemiological transition began in
the United States in the 1860s, soon after the con-
struction of major urban water systems and nearly
80 years before the discovery of penicillin and more
than a century before the first organ transplant (see
Figure 1).

Today, in the aftermath of the epidemiological
revolution, the principal diseases of American chil-
dren are a group of chronic diseases termed the new
pediatric morbidity.?> These diseases are the major
causes of illness and death in American children
today:

e Asthma, which has more than doubled in frequency
since 1980 and become the leading cause of
pediatric hospitalization and school absenteeism
of American children. Rates of asthma have risen
especially rapidly among poor children of color
residing in inner-city communities.?*

e Birth defects, which are now the leading cause
of infant death. Certain birth defects of the male
reproductive organs, such as hypospadias, have
doubled in frequency.?520

e Neurodevelopmental disorders, such as dyslexia,
mental retardation, attention deficit/hyperactivity
disorder, and autism. These conditions affect 5% to
10% of the 4 million babies born each year in the
United States. The reported frequency is sharply
increasing.?’

e Leukemia and brain cancer in children, which have
increased in reported incidence since the 1970s,
despite declining mortality.?®%’ Cancer is now the
second leading cause of death in American children
and is surpassed only by traumatic injuries.

e Preterm birth, which has increased in incidence by
27% since 1981.

e Obesity, which has trebled in prevalence, and its
result, type 2 diabetes. In 2005, 41% of 5-year-old
children entering kindergarten in the 5 boroughs
of New York City were found to be overweight
or obese. Obesity is especially prevalent in African
American and Latino children.?"
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Fig 1. Congquest of pestilence in New York City. Abbreviations: HIV, human immunodeficiency virus; WTC, World
Trade Center.

CHILDREN’S EXPOSURES TO TOXIC materials used most extensively in industry and
CHEMICALS IN THE ENVIRONMENT consumer products and most widely dispersed in the

environment: in air, food, water, homes, schools, and
communities. Measurable levels of several hundred
HPV chemicals have been documented in Centers
for Disease Control and Prevention surveys in the
bodies of most Americans.?> Measurable levels of
HPV chemicals have been documented also in the
breast milk of nursing mothers and in the cord blood
of newborn infants.?

Children’s environments have changed profoundly
in the past century. Children today are at risk of
exposure to more than 80,000 synthetic chemicals.
Most of these chemicals are newly invented, and
nearly all of them did not exist 50 years ago. They
include plastics, pesticides, motor fuels, building
materials, antibiotics, chemotherapeutic agents, flame

retardants, and synthetic hormones.?! Children are
Children today are at risk of WIDESPREAD FAILURE TO
synthetic chemicals. Most of these
chemicals are n ewly invented A high proportion of the most widely used synthetic

. chemicals have never been tested for their possible
and neolrly all Of them did not toxicity.3* Information on potential toxicity is publicly
exist 50 years ago. available for only about two-thirds of the 3000 HPV

chemicals. Information on possible developmental
especially at risk of exposure to the 3000 synthetic  toxicity or the potential capacity to cause injury
chemicals that are produced in quantities of to infants and children is especially lacking. This

1 million pounds or more per year. These high information is available for less than one-third of

production volume (HPV) chemicals are the synthetic =~ HPV chemicals.3*
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Failure to test chemicals for toxicity represents
a serious lapse of responsible stewardship. It puts
children at risk on a daily basis to exposure to
chemicals whose hazardous potential is virtually
unknown. It reflects a combination of industry’s
unwillingness to take responsibility for the products
that it produces coupled with a failure of the
government to regulate the use of these products.

Governmental failure in this area flows from the
failure of the Toxic Substances Control Act (TSCA).>
TSCA was intended at the time of its passage
in 1976 to be pioneering legislation that would
require premarket evaluation of all new chemicals for
potential toxicity and also require retroactive testing
of tens of thousands of industrial chemicals that
were already in commerce. In fact, however, TSCA
has been a dismal failure. A particularly egregious
example of this failure was a decision made soon
after the passage of TSCA to grandfather in, with no
toxicity testing, 62,000 chemicals that were already on
the market. These chemicals were simply presumed
to be safe and allowed to remain in commerce. The
office within the US Environmental Protection Agency
responsible for enforcing TSCA has been chronically
underfunded, understaffed, and overwhelmed by the
sheer number of new chemicals and technologies
that come before it. By default, emerging chemicals
and new products are presumed by Environmental
Protection Agency regulators to be safe unless there
is overwhelming evidence of their potential to cause
harm.

CHILDREN’S UNIQUE VULNERABILITY
TO TOXIC CHEMICALS

Children are now understood to be fundamentally
more vulnerable than adults to toxic chemicals
in the environment?® Four differences between
children and adults contribute to children’s increased
susceptibility:

e Children have disproportionately heavier expo-
sures to chemicals in comparison with adults. This
reflects children’s greater consumption per pound
of body weight of food, water, and air. Thus, a
child in the first year of life drinks 7 times more
water per pound per day than an adult. These
dietary exposures are further magnified by chil-
dren’s unique behaviors: their play close to the
floor and their oral-exploratory behavior both per-
mit all too easy access to toxic materials in rugs,
dust, and soil.

e Children’s metabolic pathways, especially in the
first months after birth, are immature. In many
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instances, children are less able than adults
to break down and excrete toxic compounds.
Thus, organophosphate pesticides linger in the
bloodstream of a child for 36 hours, whereas most
adults are able to clear and excrete these dangerous
materials in 6 hours and thus minimize damage.

e Children are undergoing rapid growth and devel-
opment. Early development creates windows of
great vulnerability. Witness, for example, the
uniquely tragic consequences of exposures in early
life to substances such as thalidomide, diethylstilbe-
strol, and methyl mercury.

e Because children have more years of future life
than most adults, they have more time to develop
chronic diseases that may be initiated by early
exposures.

EVIDENCE THAT
TOXIC ENVIRONMENTAL EXPOSURES
CONTRIBUTE TO
MAJOR CHILDHOOD DISEASES

Evidence has been building for 100 years that
toxic exposures in the environment can cause
and aggravate disease in children.3® This body of
evidence has become especially compelling in the
past 2 decades:

e Rates of asthma are increased in children exposed
to second-hand cigarette smoke.?”

e Rates of asthma are increased in children exposed
to particulate air pollution.38~4°

e Risk of sudden infant death syndrome is increased
in babies exposed to particulate air pollution.!

e Neurodevelopmental impairment with a reduced
intelligence quotient (IQ), shortening of attention
span, and disruption of behavior is increased in
children exposed to lead.2-40

e Neurodevelopmental impairment with a reduction
of IQ is increased in children exposed to
polychlorinated biphenyls.*”

e Neurodevelopmental impairment with a reduction
of 1Q and shortening of attention span is increased
in children exposed prenatally to methyl mercury.*®

e Lower birth weight, smaller head circumference at
birth, and subsequent developmental delays are
increased in children exposed prenatally to the
organophosphate pesticide chlorpyrifos. >

e Neurodevelopmental impairment with a reduction
of 1Q and disruption of behavior is increased in
children exposed prenatally to ethyl alcohol; this is
called fetal alcohol syndrome.>!

DOI:10.1002/MS]
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e There is an increased risk of preterm birth
associated with prenatal exposure to tobacco
smoke and dichlorodiphenyltrichloroethane.>?

Many of these epidemiological findings have been
translated into evidence-based programs of preven-
tion. These prevention programs have yielded enor-
mous gains for children’s health. Examples include
the following:

e The finding that alcohol and tobacco exposure
during pregnancy can cause brain damage and
growth restriction in infants has been successfully
translated into public health intervention programs
that have reduced alcohol consumption and
tobacco use during pregnancy. These programs
have led to the prevention of fetal alcohol
syndrome and intrauterine growth retardation.>>*

e The finding that X-ray exposure during pregnancy
increases the risk of childhood cancer has trig-
gered minimization during pregnancy of diagnostic
X-rays. This change in medical practice has pre-
vented thousands of cases of childhood leukemia.>

e Removal of lead from gasoline, following the
discovery that low-dose exposures to lead could
cause infant brain damage with a loss of
intelligence and disruption of behavior, has
resulted in a 90% reduction in childhood blood
lead levels and lead poisoning.*3

e A reduction in children’s exposure to arsenic in
well water has brought about a reduction in the
risk of skin and liver cancer in exposed children.>

ENVIRONMENTAL INJUSTICE

Well-studied examples of environmental injustice
in the United States include the disproportionate
exposure of poor and minority communities to
hazardous waste sites, lead paint, air pollution,

Well-studied examples of
environmental injustice in the
United States include the
disproportionate exposure of poor
and minority communities 1o
hazardous waste sites, lead paint,
air pollution, substandard
housing, dangerous jobs, and
polluting industries.

substandard housing, dangerous jobs, and polluting
industries. Such environmental risk factors are

DOI:10.1002/MSJ

disproportionately concentrated in poor communities
and in communities inhabited by people of color.!~13
Disproportionate exposures of persons in poor
communities and in communities inhabited by
people of color to toxic environmental hazards
appear to contribute significantly to well-documented
disparities in health. Environmental injustice is
linked to increased risks of many diseases. These
linkages are especially evident in children because
of children’s unique vulnerabilities to environmental
hazards.?’ Three examples are now discussed.

Asthma

Asthma is the most common chronic disease of
American children and is the leading cause of
pediatric emergency department visits, pediatric
hospitalizations, and school absenteeism. Well-
described environmental risk factors for asthma
include ambient air pollution from industrial and
vehicular sources, indoor air pollution, second-
hand cigarette smoke, mold, mildew, and cockroach
droppings.”’

The incidence, prevalence, and hospitalization
rates for asthma in the United States are all
disproportionately high in poor communities.”® The
highest rates are seen among poor minority children
living in inner-city communities, For example, the
prevalence of childhood asthma in certain low-
income, minority neighborhoods in New York is
as high as 23%, which is approximately 4 times the
national average. Current US asthma prevalence is

e Higher in blacks (9.2%) than in whites (6.9%).

e Higher in persons of Puerto Rican descent (14.5%)
than in those of Mexican descent (3.9%).

e Higher in those below the federal poverty level
(10.3%) than in those at or above the federal
poverty level (6.4%—7.9%).57:59:00

Disproportionate exposures to ambient air pollutants
in poor communities are a clear example of
environmental injustice associated with elevated rates
of asthma. Among the ambient air pollutants found
in especially high concentrations in poor, minority
neighborhoods are fine particulates, ozone, and
oxides of nitrogen. Bus depots, in which diesel buses
were historically permitted to idle for hours on end,
are an important source of ambient air pollutants in
poor neighborhoods. Six of the 7 bus depots in all
of Manhattan are located in either Harlem or East
Harlem.

Disproportionate exposure to indoor air pollu-
tion in poor neighborhoods further increases the
risk of asthma.®%? Among the indoor air pollutants
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documented to be disproportionately present in
poor communities are environmental (second-hand)
tobacco smoke, mold and mildew, animal dander,
and cockroach droppings.

Public housing may be a particular risk factor
for asthma and a further example of environmental
injustice. In New York City, for example, within
communities with high asthma rates, asthmatics were
5 times more likely than nonasthmatics to live in
public housing. Also, short-term housing used by
transient individuals is likely to be characterized
by poorer quality management and upkeep, with
conditions that can trigger asthma symptoms in those
without permanent homes.%304

Lead Poisoning

Lead is one of the best known and most extensively
studied of the toxic chemicals in the environment.*?

The most important environmental source of
lead exposure for children in the United States is
lead-based paint in housing built before 1978 and the
lead-contaminated dust that arises from the abrasion,
flaking, and chipping of lead-based paint. The major
route of children’s exposure to lead from paint is
the ingestion of lead-contaminated dust. Children
between the ages of 1 and 6 years are at the highest
risk of lead exposure because the oral-exploratory,
hand-to-mouth behavior that is so normal in this age
group facilitates the transfer of lead dust from the
environment into children’s bodies.

Lead is now understood to be toxic to chil-
dren at every level of exposure. High-level exposure
causes acute poisoning with coma and convulsions.
Lower level exposure, too low to produce symp-
toms, still causes injury to the brain and other
organ systems.*? Diminished intelligence, shorten-
ing of attention span, reading problems, attention
deficit/hyperactivity disorder, school failure, delin-
quency, and criminal behavior are the consequences
of exposure to lead.** These effects are lifelong,
and they cannot be cured by any current medical
treatment. There is no evidence of a threshold level
below which lead does not cause these harmful
effects on children’s health.

Lead poisoning is disproportionately concen-
trated in poor minority communities in the United
States (see Figure 2). This reflects the fact that older
(pre-1978) housing units that are in poor repair
are disproportionately concentrated in these neigh-
borhoods. The resulting environmental injustice is
documented in the sharp disparities observed in the
distribution of elevated blood lead levels in American
children by race and income. Thus, 4.6% of African
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American children are estimated to have blood lead
concentrations above 25 ug/dL versus 1.2% of white
children.*® In New York City, lead poisoning is found
almost exclusively among African American and His-
panic children.

Obesity

Obesity is the single childhood condition in the
United States that is rapidly worsening.%=% It is
estimated that 17% of children 6 to 11 years old are
obese versus 4% during 1971-1974.

Sharp disparities exist by race, income, and
ethnicity in the prevalence of childhood obesity. It is
well documented that minority children, specifically
Mexican Americans and non-Hispanic blacks, have
a higher prevalence of obesity than non-Hispanic
white populations.®® Prevalence rates of childhood
obesity in New York City public elementary school
students further illustrate these national trends,
with Latinos (31%) and African Americans (23%)
at disproportionate risk in comparison with their
white counterparts (169%).%° These Vvery same minority
populations are at higher risk for obesity-related
sequelae, including cardiovascular disease, stroke,
type 2 diabetes, and metabolic syndrome %8%9-75

Ecological systems theory highlights the impor-
tance of considering the role of the ecological niche
in order to understand health outcomes.”® When eco-
logical systems theory is being applied to childhood
obesity, Davison and Birch”® recommend the consid-
eration of contextual factors within children’s families
and the school, community, and society at large that
specifically influence children’s dietary and physical
activity behaviors and hence risk for obesity. These
factors, often called in the literature the built environ-
ment, may include crowded streets, a lack of outdoor
play spaces, easy access to fast foods and junk foods,
limited access to fresh, healthy foods, and substan-
dard housing.”” Extensive research has documented
that each of these risk factors is disproportionately
common in poor neighborhoods,”®”? the very same
communities already at increased risk for obesity.

The built environment research has taken a
multilevel approach to tackling the obesity epidemic
by searching for evidence-based interventions and
health policies that promote healthy communities.
These novel approaches have focused on diverse
environmental risk factors and include reducing
access to unhealthy snacks by eliminating soda
and snack machines from schools nationwide,®°
banning transfats from restaurants and requiring
fast food restaurants to post calorie counts®!
increasing access to green markets,®> providing

DOI:10.1002/MS]
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walking and bicycling trails,®® adopting bike share
programs in urban areas,®* altering parks and other
recreational spaces to optimize activity levels,®
and developing walkable communities.®® Information
gained from further interdisciplinary, longitudinal
cohort studies of children can inform multifaceted
obesity interventions such as food policy and urban
planning initiatives that promote public health.

Recent research is also examining microenviron-
mental factors and specifically exposure to chemicals
with the potential to mimic hormones, which are
commonly called endocrine disruptors.”’ =% Reports
of endocrine disruptors such as phthalates and
bisphenol A have been widespread in the media
because of concerns that universal exposures in the
US population, with the highest levels typically found
in children, may be associated with health effects,
including obesity and diabetes.”! Although fur-
ther human studies are needed, this demonstrates
another potentially important area of environmental
intervention with respect to tackling the epidemic of
childhood obesity.

CONCLUSION

Disease of environmental origin is preventable.
Disease caused by environmental degradation and
environmental injustice is the result of human activity
and is therefore preventable through modification or
cessation of the activity that damages or pollutes the
environment.

To begin to address environmental injustice and
its consequences for human health, we need solid
evidence-based research on the long-term human

DOI:10.1002/MSJ

health effects of exposure to a range of physical,
chemical, and social exposures beginning before con-
ception and continuing throughout childhood into
adulthood.”>=?* Prospective epidemiological stud-
ies assessing exposure-health associations, including
biomarkers of exposure and finely tuned neuropsy-
chological and behavioral endpoints, are desperately
needed. These studies must be conducted within and
across populations to document inequalities in expo-
sure as well as susceptibility to the effects of toxic
exposures. They need to be designed and imple-
mented with strong community participation at every
stage.

In addition, we need to recognize that inequal-
ities in exposures arise at both the community and
individual levels, so efforts to redress these dispar-
ities cannot be limited to behavioral interventions.
Broad societal efforts and a reordering of priorities
are needed to redress social and structural condi-
tions that result in unacceptably high levels of toxic
exposure for whole populations.”* Protection of the
vulnerable must become a moral and ethical beacon
that guides decision making at all levels of govern-
ment and business. An example of such enlightened
decision making is to be found in the Food Quality
Protection Act of 1996.”% This is the major federal
pesticide law in the United States, and it is the only
federal environmental statute that makes explicit pro-
vision for the protection of children’s health in the
setting of pesticide standards.

As a result of environmental injustice, too many
American children live their lives burdened by
biological and social conditions that severely limit
their potential for success. The effects on children are
the cruelest consequences of environmental injustice.
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Beyond childhood, the disproportionate exposure
in early life of children in poor communities to
environmental hazards sets the stage for a lifetime
of suboptimal health and diminished achievement
and thus helps to perpetuate the intergenerational
cycle of disenfranchisement and poverty. %
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